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ABSTRACT 

Northern  Illinois  Water  Corporation  (NIWC),  which  supplies  water  to  Streator,  Illinois,  is  seeking 
potential  sources  of  up  to  3.0  million  gallons  per  day  of  groundwater  to  dilute  high-nitrate  surface 
water  to  meet  the  maximum  concentrations  allowed  by  the  EPA  for  nitrates  in  drinking  water.  The 
Ticona  Bedrock  Valley,  which  lies  buried  beneath  150  feet  of  glacial  deposits  6  miles  north  of 
Streator,  has  long  been  considered  a  likely  source  of  additional  water  for  the  community.  A  pre- 
vious study  conducted  in  1 955  suggested  that  the  sand  and  gravel  aquifer  in  the  buried  valley 
would  be  insufficient  to  replace  the  city's  entire  surface  water  supply. 

The  present  study  combines  the  previously  collected  data  with  new  geologic  and  geophysical 
data  to  investigate  the  likelihood  of  the  aquifer's  meeting  Streator's  need  for  supplemental  water. 
Data  from  28  reversed  seismic  refraction  spreads  and  1 19  vertical  electrical  soundings  (VES) 
were  used  to  prepare  new  maps  of  the  aquifer.  The  most  favorable  area  for  further  testing  is  Vz 
to  2  miles  east  of  the  village  of  Grand  Ridge.  Another,  larger  area  also  contains  thick  sand  and 
gravel  deposits,  but  these  may  be  silty  or  clayey  and  have  reduced  permeability,  which  may  limit 
the  amount  of  water  obtainable.  Farther  east,  the  sand  and  gravel  deposits  in  the  buried  valley 
are  thinner  and  contain  significant  amounts  of  silt  and  clay.  The  geologic  and  geophysical  investi- 
gation suggests  that  the  probability  of  obtaining  up  to  3  million  gallons  per  day  of  water  from  this 
aquifer  is  fair  to  good.  This  preliminary  assessment  does  not  address  sustained  yield  of  the  aqui- 
fer, impact  on  present  users,  and  system  costs— factors  that  could  militate  against  development 
at  this  time. 

INTRODUCTION 

The  buried  Ticona  Bedrock  Valley  trends  east  to  west  6  miles  south  of  the  present  Illinois  River 
Valley  in  southern  La  Salle  and  Putnam  Counties  (fig.  1).  This  valley  was  a  major  drainageway  in 
northeastern  Illinois  at  least  100,000  years  ago  during  lllinoian  and  earliest  Wisconsinan  glacial 
times.  Upon  the  advance  of  the  Woodfordian  glaciers  about  25,000  years  ago,  the  valley  was 
completely  filled,  abandoned  by  the  river,  and  buried  beneath  100  ft  or  more  of  Woodfordian 
glacial  drift.  Up  to  80  ft  of  coarse  grained  alluvium  and  glacial  outwash  was  deposited  in  the  valley 
while  the  Ticona  river  was  active.  These  sediments  are  a  valuable  groundwater  resource. 

Northern  Illinois  Water  Corporation  (NIWC),  which  supplies  water  to  the  city  of  Streator,  is  study- 
ing potential  sources  of  up  to  3  million  gallons  per  day  (mgd)  of  additional  water  to  blend  with  their 
present  surface  water  supply  to  maintain  nitrate  concentrations  at  allowable  levels.  The  buried 
Ticona  Bedrock  Valley,  located  6  miles  north  of  Streator  (fig.  1 )  is  a  potential  source  for  this  addi- 
tional water.  At  present,  this  potential  is  not  well  defined.  The  only  wells  drawing  water  from  the 
aquifer  and  known  to  have  capacities  greater  than  100  gallons  per  minute  are  the  public  supply 
wells  at  Grand  Ridge  and  the  well  at  the  seed  plant  south  of  Grand  Ridge.  The  most  productive  of 
these  wells  is  Grand  Ridge  well  3,  which  penetrates  the  aquifer  near  the  middle  of  the  Ticona  Bed- 
rock Valley  and  provides  about  0.4  mgd  to  the  village. 

This  study  investigated  whether  the  coarse  grained  sediments  in  the  buried  Ticona  Bedrock  Val- 
ley aquifer  are  sufficiently  thick  and  extensive  to  warrant  further  testing.  Previous  investigations 
demonstrated  the  presence  of  the  aquifer  in  the  study  area  and  suggested  its  maximum  local 
extent  In  this  study,  seismic  refraction  surveys  were  conducted  to  locate  irregularities  in  the  bed- 
rock surface  of  the  buried  valley;  electrical  earth  resistivity  studies  identified  favorable  locations 
for  wells  within  the  aquifer. 

These  geophysical  investigations  provided  detailed  information  that  can  support  a  test  drilling  pro- 
gram. Before  development  of  the  aquifer,  however,  hydraulic  data  must  be  obtained  to  determine 
sustained  yield  of  the  aquifer  and  the  impact  of  further  pumping  on  present  users. 

The  study  area  encompasses  most  of  Grand  Rapids  Township  (T32N,  R4E)  in  La  Salle  County 
(fig.  2).  The  prominent  Marseilles  Moraine  borders  the  east  edge  of  the  area,  and  Farm  Ridge,  a 
slightly  older  glacial  feature,  crosses  the  southern  part  of  the  area.  Between  these  two  linear 
ridges,  Covel  Creek  drains  west  and  north  toward  the  Illinois  River.  Land  surface  elevation  ranges 
from  685  ft  on  the  moraines  to  590  ft  where  Covel  Creek  exits  the  northwest  comer  of  the  area. 
The  village  of  Grand  Ridge  is  V2  to  1  mile  west  of  the  area,  and  the  city  of  Streator  is  about  6 
miles  to  the  south. 


Figure  1     Regional  bedrock  valleys  and  modem  rivers  (after  Willman  1 940). 

This  report  reviews  the  existing  hydrogeologic  information  about  the  buried  Ticona  Bedrock 
Valley,  describes  the  seismic  and  electrical  resistivity  investigations  conducted  to  better  define 
the  buried  Ticona  Bedrock  Valley  aquifer,  and  recommends  possible  test  locations  for  a  3.0  mgd 
well  field. 


GEOLOGIC  BACKGROUND 
Ticona  Bedrock  Valley 

The  Ticona  Bedrock  Valley  (fig.  1)  was  defined  by  Willman  (1940)  during  the  course  of  a  regional 
geologic  study.  Willman  and  Payne  (1942)  placed  the  buried  valley  within  its  geologic  context. 
They  believed  the  valley  was  downcut  in  earliest  glacial  time  and  acted  as  a  major  east  to  west 
drainageway  from  "pre-Kansan"  (before  700,000  years  ago)  into  Wisconsinan  time  (25,000  years 
ago),  when  it  was  filled  and  abandoned  in  favor  of  the  present  Illinois  River  Valley.  These  early 
workers  placed  the  elevation  of  the  valley  floor  near  Grand  Ridge  at  400  ft,  which  subsequent 
work  has  shown  to  be  too  low. 

Horberg  (1950)  conducted  a  statewide  review  of  bedrock  topography  including  the  Ticona  Valley. 
His  map  followed  the  contours  drawn  by  Willman  and  Payne,  but  he  believed  the  valley  was 
much  younger.  Horberg  used  regional  relationships  to  show  that  the  Ticona  Valley  was  not  cut 
until  lllinoian  time  (200,000  years  ago),  when  the  advancing  lllinoian  glacier  diverted  drainage 
from  the  east. 

In  his  investigation  of  the  groundwater  possibilities  of  the  Ticona  Valley,  Randall  (1955)  redrew 
the  elevation  of  the  bedrock  valley,  restricting  the  elevations  below  400  ft  to  the  part  west  of 
Grand  Ridge.  He  accepted  Horberg's  general  interpretation  of  the  origin  of  the  valley,  but  con- 
sidered most  of  the  aquifer  to  be  "pro-Wisconsinan  (Shelbyville)"  outwash  more  than  25,000 
years  old. 
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Figure  2    Study  area  in  southeast  La  Salle  County  showing  location  of  buried  valley,  Covel  Creek,  and 
glacial  moraines. 


Randall  had  data  from  a  1955  investigation  by  NIWC  that  included  test  borings  and  a  preliminary 
resistivity  survey  (Buhle  1955).  At  the  time,  NIWC  was  seeking  to  replace  the  entire  surface  water 
supply  with  groundwater  and  decided  that  the  Ticona  Bedrock  Valley  aquifer  was  probably  not 
adequate.  Because  the  quantity  of  water  needed  for  blending  is  about  one-half  as  much  as  that 
needed  for  complete  replacement,  a  reevaluation  of  the  Ticona  Bedrock  Valley  aquifer  is 
warranted. 

Bedrock  Geology 

The  most  prominent  geologic  feature  of  north-central  Illinois  is  the  La  Salle  Anticlinal  Belt,  a  broad 
stepfold,  or  monocline.  The  La  Salle  has  a  maximum  westward  dip  of  approximately  2,000  ft  per 
mile;  its  eastward  dip  is  less  than  25  to  50  ft  per  mile  but  increases  with  depth.  The  differential 
elevation,  measured  between  the  deepest  part  of  the  Illinois  Basin  to  the  west  and  the  crest  of 
the  La  Salle  Anticlinal  Belt,  is  about  1 ,700  ft  at  the  top  of  the  St.  Peter  Sandstone.  The  axis  of  the 
La  Salle  trends  southeastward  through  western  La  Salle  County  (Willman  and  Payne  1942). 

Because  of  the  economic  value  of  the  coal  deposits,  the  regional  bedrock  geology  has  been 
intensely  studied.  Freeman  (1868)  prepared  the  first  comprehensive  report  on  the  geology  of 
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Figure  3     Bedrock  geology  in  La  Salle  County  (after  Willman  et  al.  1 975, 
and  Jacobson  1992). 


La  Salle  County.  Among  other  reports,  Willman  and  Payne's  (1942)  was  most  useful.  Most  de- 
scriptions of  Pennsylvanian  rocks  in  this  report  are  taken  from  Smith's  (1968)  report  on  strippable 
coal  reserves.  Willman  and  Kolata  (1978)  described  the  Galena  and  Platteville  Group  rocks  in  the 
area.  General  descriptions  of  older  rock  units  can  be  found  in  Willman  et  al.  (1975).  Rocks  older 
than  the  St.  Peter  Sandstone  are  not  discussed  in  this  report. 

Bedrock  stratigraphy     The  bedrock  surface  in  the  study  area  consists  primarily  of  Pennsyl- 
vanian-aged  rock  (fig.  3  and  table  1).  Willman  and  Payne  (1942)  and  several  logs  from  later  drill- 
ing note  some  occurrences  of  Ordovician  Galena-Platteville  limestone  at  the  bedrock  surface. 
Results  of  the  seismic  refraction  study  from  the  present  study  suggest  limestone  is  at,  or  near  the 
bedrock  surface  in  the  eastern  part  of  the  study  area. 

Pennsylvanian-age  rocks  in  the  region  are  divided  into  the  Tradewater,  Carbondale,  and  Modesto 
Formations,  although  the  Modesto  Formation  may  not  exist  beneath  the  study  area  (Smith  1968). 
The  most  prominent  stratigraphic  unit  within  the  Pennsylvanian  rocks  of  the  study  area  is  the  Col- 
chester Coal,  the  principal  minable  coal  in  La  Salle  County.  A  geophysical  log  from  a  test  well  in 


Section  24  of  Grand  Rapids  Township  (T32N,  R4E)  shows  the  Colchester  at  an  elevation  of  362 
ft.  In  this  well,  there  is  at  least  40  ft  of  Tradewater  Formation  below  the  Colchester  and  above  the 
Ordovician  limestone.  Scattered  well  records  in  the  north  (e.g.,  Section  7)  and  south  (e.g.,  Sec- 
tion 33)  also  indicate  coal,  probably  the  Colchester,  above  the  Ordovician  limestone.  In  these 
areas,  the  Pennsylvanian  rocks  are  up  to  150  ft  thick.  In  the  center  of  the  township,  the  Ticona 

Bedrock  Valley  was  cut  into  the  Pennsylva- 

Table  1     Bedrock  stratigraphy  in  the  study  area.  nian  rocks,  ProbablV  down  t0  a  level  below 

the  Colchester  and  possibly  completely 

Pennsylvanian  System  (280-315  million  years  ago)  removing  the  Pennsylvanian  rocks. 
McLeansboro  Group 

Modesto  Formation  A  major  gap  in  the  rock  record  occurs  be- 

Kewanee  Group  tween  the  Pennsylvanian  rocks  and  the  under- 

Carbondaje  Formation  lying  Ordovician  rocks.  More  Ordovician  and 

Oak  Grove  Limestone  Member  imnn«ap  n»i»  .i««  nn«  »»»».)  k..*.  „,„ 

Colchester  (No.  2)  Coal  Member  SHKSS  2    h  °nCefPreS!  "J  bUt  T® 

Tradewater  Formation  eroded  ^fore  the  deposition  of  Pennsylva- 

Ordovician  System  (430-500  million  years  ago)  man  rocks  (Willman  and  Payne  1 942). 

Galena  Group'  UP  ^"ne  nearest  bedrock  exposure  of  Ordovician 

Platteville  Group  carbonates,  reported  by  Willman  and  Kolata 

Ancell  Group  (1 978),  occurs  in  the  east  bank  of  Covel 

St.  Peter  Sandstone  Creek,  2  miles  southwest  of  Ottawa  (Sec.  21 , 

Prairie  du  Chien  Group*  T33N,  R3E)  and  about  5  miles  northwest  of 

Cambrian  System* Grand  Ridge.  At  this  location,  they  measured 

*  Unit  not  discussed  in  report.  Table  is  simplified  from       t2°  flower  Platteville  Group  rocks  above 
Smith  1968,  Willman  et  al.  1975,  and  Jacobson  1992.       Je_,St:  Peter  Sandstone.  In  the  study  area, 

Ordovician  limestones,  known  only  from  drill 
holes,  are  difficult  to  differentiate.  Because  of 
the  eastward  dip  away  from  the  La  Salle  Anticlinal  Belt,  bedrock  formations  in  the  study  area  are 
probably  similar  to  the  lower  part  of  the  outcrops  along  the  Vermilion  River  and  its  tributaries  east 
of  Oglesby  (about  12  miles  west  of  Grand  Ridge).  For  that  area,  Willman  and  Kolata  reported 
more  than  100  ft  of  Platteville  Group  rocks. 

Well  logs  indicate  the  top  of  the  limestone  at  an  elevation  of  407  ft  in  the  northeast  corner  of  Sec- 
tion 18,  395  ft  in  the  northeast  quarter  of  Section  21 ,  and  319  ft  in  the  northwest  corner  of  Section 
24.  This  change  in  elevation  illustrates  the  eastward  structural  dip  in  the  region.  Some  well  logs 
indicate  limestone  at  shallower  depths  (elevation  of  497  ft  in  Section  3,  and  464  ft  in  Section  16), 
but  these  are  Pennsylvanian  limestones,  possibly  the  Oak  Grove  Limestone  Member,  in  the  over- 
lying Carbondale  Formation  (Smith  1968).  Well  logs  in  the  area  indicate  the  Ordovician  limestone 
is  35  to  100  ft  thick. 

Well  logs  and  surface  exposures  indicate  that  the  St.  Peter  Sandstone  underlies  the  Platteville 
Group.  Regional  information  from  Willman  and  Payne  (1942)  suggests  that  the  St.  Peter  may  be 
up  to  200  ft  thick  beneath  the  study  area. 

Bedrock  aquifers      The  principal  bedrock  aquifer  in  the  study  area  is  the  Ancell  aquifer,  which 
consists  of  the  St.  Peter  Sandstone  (Visocky  et  al.  1985).  At  least  eight  wells  in  the  study  area 
are  finished  in  the  Ancell  aquifer.  It  is  a  reliable  source  of  water  although  it  is  moderately  mineral- 
ized, having  total  dissolved  solids  content  ranging  from  500  to  1 ,000  mg/liter  in  the  study  area 
(Visocky  et  al.  1985).  A  few  wells  in  the  study  area  are  finished  in  Pennsylvanian  sandstone  (e.g., 
Sections  30  and  32).  Some  wells  in  the  region  take  water  from  deeper  sandstone  and  dolomite 
aquifers  (Visocky  et  al.  1 985). 

Three  reports  of  "gassy"  water  wells  in  the  southeast  part  of  Grand  Rapids  Township  (Sections 
28,  33,  and  36,  T32N,  R4E)  are  on  record  at  the  Illinois  State  Geological  Survey.  All  three  of 
these  wells  are  finished  in  the  Ordovician  limestone  or  sandstone,  and  at  least  one  of  them  pene- 
trates Pennsylvanian  coal.  Although  the  wells  are  located  on  glacial  moraines,  an  environment 
typically  associated  with  the  development  of  drift  gas  (Meents  1960),  the  source  of  the  gas  is 
probably  within  the  bedrock. 

Glacial  Geology 

Classification  of  glacial  deposits  in  central  and  northern  Illinois,  including  the  study  area,  involves 
a  complicated  group  of  units  shown  in  table  2.  The  table  has  been  simplified  by  excluding  several 


units  that  occur  regionally,  but  not  locally.  However,  a  detailed  subdivision  of  the  Wedron  Forma- 
tion provides  context  for  the  members  present  in  the  study  area.  Classification  of  Illinois  glacial 
deposits  has  changed  through  the  years.  Details  of  various  systems  can  be  found  in  Willman  and 

,a^n?„(Jv912);11Willman  and  Frye  (1970)l  Wil,man  et  aL  (1975)-  Lineback  (1979),  and  Johnson  et 
al.  (1985).  In  Illinois,  the  Willman  et  al.  (1975)  classification  is  used  with  subsequent  modifica- 
tions In  the  study  area,  Lineback  (1979)  introduced  a  significant  departure  from  the  standard  sys- 
tem. Willman  et  al.  (1975)  had  called  the  surface  till  unit  in  the  study  area  the  Maiden  Till  Member 
of  the  Wedron  Formation;  but  Lineback  mapped  the  same  unit  south  of  the  Illinois  River  as  the 
Yorkville  (in  the  study  area)  or  Snider  (farther  west)  Till  Members  of  the  Wedron. 

Johnson  et  al.  (1985)  suggested  further  revision  of  the  Wedron  Formation.  They  found  evidence 
that  the  lowest  Wedron  till  unit  in  the  region  should  be  classified  as  part  of  the  Tiskilwa  Till  Mem- 
ber, which  they  divided  into  an  upper  and  lower  unit.  They  also  discussed  the  controversy  over 
the  Malden/Yorkville  classification  and  agreed  with  Willman  et  al.  (1975),  but  called  for  more  stud- 
ies. This  reports  follows  the  modifications  proposed  by  Johnson  et  al.  (1985). 

The  map  of  glacial  deposits  (fig.  4)  reveals  little  of  the  complex  glacial  history  of  the  area  Glacial 
deposits  between  150  and  200  ft  thick  occur  in  the  study  area.  Typical  deposits  are  given  in  table 
3,  which  is  the  log  of  test  hole  1  from  a  series  of  tests  drilled  in  1 954-55  for  NIWC.  " 

Several  episodes  of  glaciation  deposited  layers  of  till  (diamicton)  with  associated  sand  or  silt  lay- 
ers At  least  three  thin  sand  and  gravel  layers  occur  within  the  Wedron  Formation  deposits  in  the 
study  area.  These  thin  outwash  sands  occur  discontinuously  at  the  base  of  the  till  units  The  sand 
beneath  the  Tiskilwa  is  more  continuous  regionally  and  called  the  Peddicord  Formation  (Willman 
et  al.  1975,  Johnson  et  al.  1985).  It  grades  from  layered  sand  to  silt.  Regionally,  the  Peddicord 
deposits  fill  buned  valleys,  some  related  to  the  buried  Ticona  Valley.  In  parts  of  the  study  area  a 
gravel  deposit  beneath  the  Peddicord  sand  presumably  fills  the  main  channel  of  the  Ticona 
Valley.  This  gravel  unit  is  not  present  regionally.  Below  the  sand  and  gravel  silt  clay  and  till 
occur  locally  and  regionally  (Johnson  et  al.  1 985).  Because  information  about  these  lower  units  is 
incomplete,  their  ages  and  correlations  are  not  known  precisely.  Johnson  et  al  (1 985)  assigned 
some  of  them  to  the  Robein  Silt,  but  noted  that  older  deposits  occur  regionally. 

Glacial  drift  hydrogeology     A  conceptual  model  based  on  the  presence  or  absence  of  sand 
and  gravel  is  more  useful  for  understanding  the  hydrogeologic  framework  than  one  based  on  the 
Pleistocene  stratigraphic  units.  Randall  (1955)  summarized  the  coarse  deposits  in  the  study  area 


Table  2    Stratigraphic  classification  of  glacial  deposits  in  central  and  northern 
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Figure  4    Wedron  Formation  deposits  in  La  Salle  County  (after  Lineback  1 979). 


Table  3     Description  of  NIWC  test  hole  1  -1 954;  N W  NW  NW,  Sec.  1 9, 
T32N,  R4E.  Land  surface  elevation  is  640  ft. 


thickness 

stratigraphic  unit  (after 

description 

(ft) 

Johnson  etal.  1985) 

top  soil 

1.5 

— 

silt  and  clay 

3.5 

Richland  Loess 

till,  clayey,  gray 

20 

Maiden  Till  Member,  unit  3 

till,  sandy,  gray 

30 

Maiden  Till  Member,  unit  2 

clay 

7 

Maiden  Till  Member,  unit  2-1 

till,  sandy  and  gravelly,  gray 

3 

Maiden  Till  Member,  unit  1 

till,  purplish-gray-brown 

20 

Tiskilwa  Till  Member,  main  unit 

till,  silty,  gray 

15 

Tiskilwa  Till  Member,  lower  unit 

sand,  silty,  sorted 

20 

Peddicord  Formation 

gravel 

30 

? 

silt  and  clay,  interbedded  sand 

30 

Robein  Silt  ? 

shale,  weathered 

— 

— 

Table  4    Summary  of  coarse  grained  deposits  in  the 
Ticona  Bedrock  Valley  (from  Randall  1955). 


material 

thickness  (ft) 

elevation  of  top  (ft) 

till,  thin  sand  layers 

75-130 

— 

sand 

15-40 

530-550 

gravel 

20-40 

460-480 

silt  or  clay 

occasionally  at  base 

— 

— 

Within  the  upper  50  to  100  ft  beneath  the 
study  area,  there  are  several  shallow,  low- 
yielding  sand  and  gravel  aquifers.  These 
units  occur  as  outwash  deposits  associ- 
ated with  the  Yorkville  and  Maiden  Till 
Members.  Many  dug  and  shallow  drilled 
wells  take  water  from  these  deposits;  how- 
ever, because  the  sands  are  thin  (seldom 
more  than  15  ft  thick)  and  discontinuous, 
the  productivity  of  the  wells  is  low. 

The  sand  at  an  elevation  of  530  to  550  ft  tentatively  correlates  with  the  Peddicord  Formation 
(Willman  et  al.  1975,  Johnson  et  al.  1985)  and  is  an  outwash  deposit  at  the  base  of  the  Tiskilwa 
Till  Member.  The  outwash  deposit  is  widespread  regionally,  but  the  sand  fades  grades  laterally 
and  vertically  into  silt  or  clay.  Consequently,  the  thickness  or  depth  to  the  top  of  the  sand  varies. 

A  gravel  layer  below  the  Peddicord  sand  has  been  encountered  by  several  wells  and  borings  in 
the  study  area.  Most  reports  of  gravel  are  confined  to  what  is  apparently  the  deepest  part  of  the 
buried  Ticona  Valley  and  tend  to  be  in  the  southwestern  part  of  the  study  area.  Grand  Ridge  well 
3  is  finished  in  this  gravel,  and  several  1955  test  holes  encountered  it.  This  gravel  is  probably  out- 
wash  related  to  the  Tiskilwa  glacial  episode  or  prior  valley  fill. 

The  Peddicord  sand  and  the  underlying  gravel  form  a  single  hydrologic  unit  informally  called  the 
Ticona  Bedrock  Valley  aquifer.  Both  parts  of  the  aquifer  are  present  at  Grand  Ridge,  but  else- 
where only  one  or  the  other  is  present.  The  resistivity  survey  part  of  this  study  further  investigates 
these  relationships. 

GEOPHYSICAL  STUDY 

Detailed  Seismic  Refraction  Survey 

Detailed  seismic  refraction  surveying  was  conducted  to  define  the  geometry  of  the  Ticona  Bed- 
rock Valley  in  the  study  area.  In  particular,  the  survey  was  designed  to  locate  the  deepest  part  of 
the  valley  immediately  east  of  Grand  Ridge. 

Method  of  investigation      Seismic  refraction  profiling  (figs.  5  and  6)  was  conducted  on  three 
north-south  section  roads  1  mile  apart  (East  18th,  19th,  and  20th)  and  totaled  132  data  sets  in 
28  refraction  spreads.  The  basic  seismic  refraction  field  pattern  is  a  spread  of  twenty-four  14  Hz 
geophones  planted  in  the  ground  at  50-foot  intervals  and  connected  to  a  Geometries  2415  F 
seismograph.  Three  or  five  sets  of  data  were  gathered  from  the  geophones  on  each  spread.  This 


seismograph 


geophones 


bedrock  surface 

Figure  5     Seismic  refraction  surveys  require  a  seismograph,  geophones, 
and  an  energy  source  (or  "shot").  A  ray  representing  seismic  energy  is  shown 
being  refracted  from  the  bedrock  surface. 
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Locations  of  seismic  test  «ines  in  the  study  area.  Results  of  tests  from  each  spread  are  also  shown. 
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Figure  7    South  to  north  cross  sections  beneath  seismic  lines.  Heavy  dashed  lines  indicate  average  depth 
to  bedbrock  from  seismic  survey.  Short  vertical  bars  indicate  one  standard  deviation  above  and  below  aver- 
age at  each  spread.  Standard  deviation  bars  are  connected  with  thin  dashed  lines  to  indicate  confidence 
limits  on  seismic  data.  Light  dotted  lines  indicate  inferred  valley  walls. 
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deeper  than  the  bedrock  reported  by  a  driller,  especially  where  the  bedrock  is  weathered.  Also, 
variations  in  the  glacial  materials  overlying  the  bedrock  can  cause  changes  in  the  seismic  veloci- 
ties and,  if  unaccounted  for,  produce  bedrock  elevations  that  are  apparently  too  deep.  Such  vari- 
ations often  occur  where  sand  or  gravel  layers  lie  beneath  thick  layers  of  till.  Where  sand  and 
gravel  is  known  to  be  present,  the  effect  can  be  partially  compensated  for  by  manipulating  the 
velocity  value  of  the  glacial  material  in  the  analysis. 

Data  from  water  well  and  test  hole  logs  provide  geologic  controls  for  seismic  data,  and  have  been 
plotted  on  the  seismic  profiles.  Where  data  is  available,  the  top  of  bedrock,  the  top  of  the  Galena- 
Platteville  limestones,  and  the  top  of  the  St.  Peter  Sandstone  have  been  shown  for  these  holes. 
On  the  west  seismic  line,  the  seismic  data  imply  a  bedrock  surface  about  30  to  40  ft  deeper  than 
the  available  control,  a  discrepancy  of  about  15%.  Although  fewer  control  points  are  available  for 
the  other  two  seismic  lines,  they  suggest  similar  results.  Two  control  holes  on  the  east  seismic 
line  encountered  limestone  at  or  near  the  calculated  seismic  interface.  In  this  area,  it  is  possible 
that  the  shale  is  very  thin  or  missing  and  that  the  bedrock  refraction  is  from  limestone,  not  shale. 
Earlier  reports  (Willman  and  Payne  1942,  Randall  1955)  suggested  that  the  shale  was  completely 
eroded  from  the  base  of  the  valley  in  parts  of  this  area.  The  seismic  data  support  this  interpreta- 
tion, but  cannot  demonstrate  it  conclusively. 

The  seismic  data  agree  with  the  previous  concept  that  the  valley's  southern  wall  is  steeper  than 
its  northern  wall  (Randall  1955).  The  evidence  for  this  agreement  is  best  seen  in  the  west  seismic 
line.  An  inferred  steep  southern  wall  is  also  shown  by  a  dotted  line  for  the  central  seismic  line, 
although  the  seismic  data  did  not  encounter  the  wall.  A  control  well  less  than  1  mile  south  of  the 
seismic  line  suggests  that  the  valley  wall  ascends  50  to  70  ft  over  that  distance. 

The  shaded  area  on  figure  6,  based  on  seismic  data,  shows  the  deepest  part  of  the  bedrock  val- 
ley. This  position  is  tentative  unless  more  test  drilling  is  conducted.  Seismic  data  suggest  that  the 
deepest  part  of  the  valley  in  the  west  is  between  section  roads  North  20th  and  21st,  a  position 
similar  to  that  of  previous  interpretations.  Our  seismic  data  suggest,  however,  that  the  deepest 
part  of  the  valley  swings  north  to  approximately  section  road  North  22nd  along  the  central  line, 
and  just  north  of  section  road  North  22nd  along  the  east  line.  Previous  interpretations  suggested 
that  the  valley  angled  more  gently  northward  through  the  study  area  (Horberg  1950,  Randall 
1955). 

Detailed  Resistivity  Soundings 

The  electrical  resistivity  sounding  is  a  geophysical  technique  used  to  determine  depths  to  geo- 
logic interfaces.  The  method  measures  changes  in  electrical  current  passing  between  electrodes 
placed  in  the  soil;  earth  materials  can  be  mapped  based  on  differences  in  their  electrical  resistiv- 
ity. Earth  resistivity  is  inversely  related  to  clay  content:  low  resistivity  values  indicate  high  clay  con- 
tent, and  high  resistivity  values  indicate  low  clay  content  (Ward  1990).  In  the  study  area,  the 
method  was  used  to  differentiate  sand  and  gravel  deposits  from  clay  and  till  deposits. 

Method  of  investigation      Resistivity  soundings  employed  the  Wenner  electrode  array,  a  con- 
figuration in  which  four  equally  spaced  electrodes  are  moved  incrementally  farther  apart  to  obtain 
information  from  increasingly  greater  depths  (fig.  8).  A  computer-controlled  device  automatically 
switches  the  electrodes  through  a  series  of  separations  at  each  station.  In  this  study,  separation 
was  initially  5  ft.  Electrode  separation  was  then  increased  to  10  and  20  ft,  and  then  in  20  ft  incre- 
ments to  240  ft,  for  a  total  of  13  readings  at  each  station.  These  values  imply  an  inherent  vertical 
accuracy  of  20  ft  and  a  maximum  reliable  depth  reading  of  240  ft.  Resistivity  stations  were 
spaced  at  about  1/4-mile  intervals  on  five  north-south  section  roads  (North  18th  through  22nd)  and 
at  1/2-mile  intervals  on  the  six  east-west  crossing  roads.  A  total  of  1 19  resistivity  soundings  was 
recorded  for  this  study  (fig.  9).  A  computer  automatically  collected  data  for  later  analysis  using 
Zohdy's  Dar  Zarouk  inversion  algorithm  (Zohdy  and  Bisdorf  1 975). 

The  resistivity  values  of  coarse  grained  sand  and  gravel  aquifers  are  higher  than  for  fine  grained 
materials.  The  presence  of  silt  or  clay  within  the  aquifer  (a  "dirty"  aquifer)  reduces  the  overall 
resistivity  of  the  unit.  The  Zohdy  algorithm  calculates  a  "best-fit"  set  of  resistivity  layers  for 
each  station.  Each  layer  is  assigned  a  resistivity  value  (in  ohm-ft)  and  a  thickness  (in  ft).  Initially, 
the  program  assumes  that  there  is  one  layer  for  each  data  point  and  is  instructed  to  reduce  the 
number  of  layers  to  the  minimum  number  that  will  produce  a  match  to  the  observed  data. 
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Figure  8    Wenner  electrode  configuration.  Current  (I)  is  applied  through  electrodes  C1  and 
C2.  Potential  difference  is  measured  between  electrodes  P1  and  P2.  Resistivity  =  2rcaV/l. 

This  resistivity  survey  was  similar  to  one  conducted  in  the  area  in  1955  (Buhle  1955).  Both  sur- 
veys used  the  Wenner  electrode  configuration  and  were  conducted  on  a  1/4-mile  grid  over  much 
of  the  same  area,  but  the  surveys  differed  substantially  in  the  detail  of  data  collected  at  each 
station.  Although  the  earlier  survey  occupied  more  stations  (140  compared  with  119),  it  was  de- 
signed as  a  "reconnaissance"  tool  to  map  the  extent  of  the  main  aquifer.  No  more  than  ten  data 
points  were  used  at  any  station,  and  some  stations  used  as  few  as  two  points.  To  maximize  areal 
coverage  and  to  detect  the  main  aquifer,  the  earlier  survey  concentrated  on  a  narrow  depth 
range.  In  the  present,  more  detailed  study,  1 3  data  points  defined  the  earth  resistivity  beneath 
each  station,  and  resistivity  layering  parameters  valid  to  about  240  ft  in  depth  were  calculated  for 
each  station. 

Results      Results  of  the  resistivity  survey  are  presented  in  two  formats.  First,  results  from  data 
collected  on  the  five  north-south  section  roads  are  presented  as  resistivity  cross  sections  beneath 
those  roads.  Three  of  these  resistivity  profiles  coincided  with  the  three  seismic  profiles.  Results 
of  the  resistivity  and  seismic  surveys  are  briefly  compared.  Second,  when  the  resistivity  data  col- 
lected on  the  crossroads  is  combined  with  the  resistivity  data  collected  on  the  north-south  roads, 
the  coverage  is  sufficient  to  produce  resistivity  maps  of  the  study  area.  Resistivity  maps  that  show 
three  levels  of  the  aquifer  are  examined. 

Resistivity  cross  sections     Figure  1 0  shows  Zohdy  resistivity  inversions  for  each  station  along 
the  five  north-south  profiles.  Resistivity  values  have  been  grouped  into  three  zones:  low  (1  to  199 
ohm-ft),  moderate  (200  to  399  ohm-ft),  and  high  (greater  than  400  ohm-ft).  Since  resistivity  values 
below  1 ,000  ohm-ft  are  generally  considered  only  moderately  high,  the  term  "high"  is  relative  to 
this  study.  Because  there  were  only  a  few  resistivity  values  greater  than  1 ,000  ohm-ft,  these  val- 
ues were  combined  with  the  moderately  high  values  into  one  category. 

The  low  resistivity  zone  is  caused  by  clayey  earth  materials  and  represents  an  area  where  no 
aquifer  is  present.  A  shallow,  low  resistivity  layer  present  at  most  stations  probably  corresponds 
to  the  surface  soil.  Several  stations,  mostly  in  the  southern  half  of  the  study  area,  recorded  low 
resistivity  layers  at  deeper  levels.  These  low  resistivity  readings  probably  correspond  to  shale 
bedrock. 
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Rgure  9    Locations  of  resistivity  soundings 
in  the  study  area. 
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The  moderate  resistivity  zone  corresponds  to  areas  where  no  aquifer  is  present  or  where  it  is  thin 
or  dirty.  Almost  all  the  stations  in  the  northwestern  part  and  most  of  the  stations  in  the  southern 
fifth  of  the  study  area  recorded  moderate  resistivity  values.  The  main  aquifer  in  the  buried  bed- 
rock valley  is  probably  not  present  at  these  locations.  However,  thin,  shallow  sands  may  be  pre- 
sent. If  the  buried  bedrock  valley  is  present,  it  is  probably  filled  with  silty  or  clayey  deposits. 

The  moderate  resistivity  zone  is  also  present  at  many  stations  at  the  center  of  section  roads  East 
20th,  19th,  and  18th.  Most  of  these  stations  are  probably  over  the  buried  bedrock  valley  where 
the  valley  fill  is  predominantly  silt  or  clay.  If  clean  sand  and  gravel  is  present,  it  is  too  thin  or  too 
deep  (below  225  ft  depth)  for  its  presence  to  be  detected  by  this  resistivity  configuration. 

The  high  resistivity  zone  suggests  that  sand  and  gravel  or  limestone  bedrock  is  present.  In  gen- 
eral, high  resistivity  layers  are  more  common  in  the  eastern  than  in  the  western  part  of  the  study 
area.  Most  of  the  shallow  high  resistivity  layers  in  the  eastern  half  of  the  study  area  are  caused 
by  shallow  gravel  layers  and  do  not  indicate  a  deeper  aquifer.  At  some  locations,  the  resistivity 
signal  from  these  shallow  layers  effectively  "masks"  the  deeper  layers.  In  these  areas,  such  as 
between  section  roads  North  22nd  and  23rd  on  East  20th,  the  composition  of  the  deeper  materi- 
als is  difficult  to  determine  from  resistivity  alone. 

The  results  of  the  seismic  survey  were  combined  with  results  of  the  resistivity  survey  along  sec- 
tion roads  East  19th,  20th,  and  21st  (fig.  11).  Areas  where  the  seismic  survey  indicates  appar- 
ently deep  bedrock  elevations  generally  correspond  to  areas  of  high  resistivity.  At  two  places  in 
the  study  area,  the  apparent  bedrock  depths  suggested  by  the  seismic  survey  may  be  too  great 
because  the  seismic  interpretation  method  cannot  fully  compensate  for  the  low  seismic  velocity 
values  of  the  sand  and  gravel.  Along  East  1 9th  Street,  the  bedrock  valley  is  probably  filled  with 
thick  sand  and  gravel  deposits  that  have  unusually  low  seismic  velocity  values.  This  condition 
may  aJso  be  present  near  North  22nd  Street  along  the  center  profile. 
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Figure  10  Resistivity  soundings  gathered  in  south  to  north 
profiles  along  section  roads  East  18th,  19th,  20th,  21st,  and 
22nd.  Stations  are  placed  about  Va  mile  apart. 
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Figure  1 1  Resistivity  and  seismic  results  combined  in  south 
to  north  cross  sections.  See  figures  7  and  1 0  for  explanations 
of  data  sets. 
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Several  occurrences  of  deep  layers  with  high  resistivity  values  and  bedrock  with  high  seismic 
velocity  values  imply  that  limestone  bedrock  may  lie  beneath  part  of  the  east  profile,  and  several 
logs  from  nearby  wells  also  report  limestone  at  the  bedrock  surface.  However,  because  the  high 
resistivity  values  that  imply  limestone  could  also  be  from  sand  or  gravel,  it  is  difficult  to  determine 
whether  the  layers  are  sand  or  limestone. 

Resistivity  maps      Resistivity  data  were  also  analyzed  in  map  form  (figs.  12-14).  Resistivity  val- 
ues for  each  station  at  the  same  elevation  were  plotted  and  then  contoured.  Maps  representing 
the  resistivity  values  at  different  elevations  show  how  the  resistivity  changes  with  depth.  Using 
Randall's  (1955)  hydrogeologic  framework  as  a  guide  (table  4),  resistivity  maps  were  prepared  for 
elevations  of  550,  500,  and  450  ft.  Some  spatial  relationships  are  more  evident  on  the  maps  than 
on  the  profiles.  In  particular,  medium  and  high  resistivity  areas  are  more  distinguishable  on  the 
maps  than  on  the  profiles.  To  emphasize  the  high  resistivity  areas,  a  600-ohm-ft  contour  was  added 
to  the  maps,  and  to  simplify  the  presentation,  the  low  resistivity  (200  ohm-ft)  contour  was  omitted. 

The  550  ft  elevation  map  (fig.  12)  indicates  resistivity  values  of  materials  near  the  top  of  the 
Ticona  Bedrock  Valley  aquifer.  The  south  edge  of  the  aquifer  closely  follows  section  road  North 
20th.  The  aquifer  is  very  narrow  in  the  west,  but  expands  to  the  north  and  east.  The  north  edge 
angles  from  near  the  intersection  of  East  1 8th  and  North  21  st  to  near  the  intersection  of  East  20th 
and  North  23rd  before  crossing  due  east.  These  edges  outline  an  aquifer  area  of  about  9  square 
miles  within  the  study  area.  However,  the  aquifer  is  probably  not  present  at  this  elevation  in  a 
3-to-4-square-mile  area  of  low  resistivity  in  the  center  of  the  study  area. 
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Figure  12    Calculated  resistivity  values  con- 
toured and  plotted  at  an  elevation  of  550  ft. 
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Some  of  the  high  resistivity  values  shown  on  figure  12  are  probably  influenced  by  shallower  fea- 
tures. The  high  resistivity  area  between  North  22nd  and  23rd  from  the  east  edge  to  the  center  of 
the  study  area  could  be  influenced  by  shallow  outwash  from  the  Marseilles  Moraine  or  alluvium  in 
Covel  Creek.  Similarly,  high  resistivity  areas  along  the  east  margin  of  the  study  area  and 
between  North  20th  and  21st  could  be  influenced  by  shallow  outwash  from  the  Marseilles  Moraine 
or  Farm  Ridge.  A  very  high  resistivity  area  near  North  22nd  and  East  20th  is  probably  influenced 
by  proglacial  outwash  below  the  Farm  Ridge  drift  at  an  elevation  of  about  595  ft.  High  resistiv- 
ity areas  in  the  western  part  of  the  study  area  (between  East  18th  and  19th)  are  not  easily 
attributed  to  shallower  features.  These  high  resistivity  areas  depict  the  upper  parts  of  the  Ticona 
Bedrock  Valley  aquifer. 

The  500  ft  elevation  map  (fig.  13)  indicates  areas  that  are  most  likely  to  be  underlain  by  thick 
sand  and  gravel  of  the  Ticona  Bedrock  Valley  aquifer.  In  some  areas,  high  resistivity  materials  at 
shallow  levels  mask  resistivity  values  at  the  500  ft  level.  For  the  most  part,  however,  this  map  is  a 
good  approximation  of  the  extent  of  the  aquifer.  The  south  boundary  is  approximately  the  same 
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Figure  13    Calculated  resistivity  values  con- 
toured and  plotted  at  an  elevation  of  500  ft. 


resistivity  (ohm-ft) 

~~|  high   40O600 


very  high   600+ 


1  mi 


N 


t 


as  on  the  550  ft  elevation  map,  and  this  agreement  suggests  downward  continuity  in  the  materi- 
als. At  this  elevation  of  the  study  area,  the  high  resistivity  area  in  the  northeast  is  more  extensive, 
and  the  low  resistivity  area  in  the  center  is  much  smaller  than  at  higher  elevations.  These  vari- 
ations suggest  that  with  depth  the  aquifer  becomes  more  extensive. 

Some  of  these  resistivity  features  explain  otherwise  confusing  hydrogeologic  observations  in  the 
study  area.  Several  farmers  in  the  northern  part  of  the  study  area  report  a  sharp  boundary  be- 
tween the  aquifer  and  areas  barren  of  sand  and  gravel.  The  locations  of  these  reports,  especially 
near  the  intersections  of  section  roads  East  19th  and  North  22nd,  and  East  21st  and  North  23rd 
correspond  to  the  sharp  boundary  between  the  high  and  low  resistivity  zones  that  runs  diagonally 
between  those  intersections.  This  resistivity  boundary  apparently  follows  the  meandering  path  of 
the  aquifer.  Water  well  logs  for  the  study  area  north  and  west  of  this  boundary  indicate  that  these 
wells  did  not  encounter  the  aquifer.  The  consistently  low  resistivity  values,  the  reports  from  land- 
owners, and  well  logs  imply  that  the  aquifer  is  not  present  in  the  northwestern  part  of  the  study  area. 
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Figure  14    Calculated  resistivity  values  con- 
toured and  plotted  at  an  elevation  of  450  ft. 
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The  area  of  low  resistivity  in  the  center  of  figure  13  probably  indicates  an  area  where  the  upper 
part  of  the  Ticona  Bedrock  Valley  aquifer  is  missing.  The  Peddicord  (or  equivalent)  could  be  pre- 
sent as  a  silty  or  clayey  facies  in  this  region,  or  the  overlying  till  could  be  thicker.  The  reduction  of 
the  aquifer's  thickness  is  confirmed  by  water  well  records  in  the  area.  Some  wells  in  the  low  resis- 
tivity area  are  finished  in  the  Ticona  Bedrock  Valley  aquifer,  but  the  top  of  the  aquifer  is  between 
515  and  505  ft  in  elevation;  thus  most  of  the  aquifer  is  below  the  500  ft  elevation,  as  shown  in  the 
resistivity  map  (fig.  13). 

The  450  ft  elevation  map  (fig.  14)  indicates  resistivity  of  materials  near  the  bedrock  surface.  The 
outline  of  the  high  resistivity  area  is  very  similar  to  that  on  the  500  ft  elevation  map  (fig.  13),  but 
zones  of  very  high  resistivity  are  larger  in  the  eastern  and  central  parts  of  this  map.  The  very  high 
resistivity  zones  in  the  eastern  part  of  the  study  area  could  be  caused  by  limestone  bedrock.  The 
area  of  low  resistivity  in  the  center  of  figure  14  is  much  smaller  and  more  discontinuous  compared 
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Figure  15     Electrical  earth  resistivity  survey  at  Streator,  La  Salle  County,  at  an  elevation  of  480  ft 
(redrawn  from  Buhle  1955). 

with  such  areas  on  the  other  resistivity  maps.  Such  a  small  and  discontinuous  area  suggests  that 
the  aquifer  is  more  continuous  near  the  base  of  the  bedrock  valley. 

Buhle  (1955)  presented  results  of  his  previous  resistivity  survey  as  a  map  showing  resistivity  val- 
ues at  approximately  a  480  ft  elevation  (fig.  15).  His  map  is  qualitatively  similar  to  the  500  ft  eleva- 
tion map  of  this  study  (fig  13).  Both  maps  show  that  the  south  boundary  of  the  high  resistivity 
zone  runs  approximately  along  section  road  North  20th,  that  the  high  resistivity  zone  is  restricted 
to  a  small  area  in  the  southwest  and  expands  to  the  east  and  north,  and  that  a  low  resistivity  zone 
within  the  center  of  the  main  high  resistivity  zone  is  flanked  by  two  localized  high  resistivity  zones. 
Probably  because  of  the  differences  in  data  analysis,  the  two  surveys  are  not  quantitatively  simi- 
lar. In  Buhle's  1955  survey,  the  high  resistivity  zone  begins  at  250  ohm-ft  instead  of  400  ohm-ft, 
and  the  low  resistivity  zone  is  smaller  than  in  the  present  study.  The  precise  locations  of  the  high 
resistivity  zones  differ  on  the  two  maps.  Although  the  two  maps  differ  in  detail,  their  similarities 
indicate  a  good  degree  of  repeatability  in  the  basic  Wenner  resistivity  method,  despite  nearly  40 
years  separating  the  two  surveys  and  the  differences  in  instrumentation. 

Guided  by  Buhle's  1955  resistivity  survey,  NIWC  drilled  a  series  of  seven  test  holes  (fig.  15).  For 
the  present  study,  new  resistivity  readings  were  made  near  six  of  those  test  holes.  Comparing 
the  resistivity  analysis  from  the  Zohdy  program  to  the  materials  in  the  test  holes  helps  interpret 
the  resistivity  data  (fig.  16).  All  six  test  holes  encountered  some  sand  and  gravel,  though  in  vari- 
ous thickness  and  sorting.  Data  from  each  of  the  corresponding  resistivity  stations  suggest  the 
presence  of  high  resistivity  material.  At  test  holes  TH-2,  TH-5,  TH-1 ,  and  TH-6,  the  top  of  the  high 
resistivity  zone  closely  corresponds  (within  the  20-ft  range  of  instrumental  precision)  to  the  top  of 
the  Ticona  Bedrock  Valley  aquifer.  At  test  hole  TH-7,  the  top  of  the  high  resistivity  zone  corre- 
sponds to  a  shallow  outwash  gravel.  Although  more  than  50  ft  of  fine  grained  material  separates 
this  shallow  gravel  from  the  top  of  the  Ticona  Bedrock  Valley  aquifer,  the  resistivity  model  com- 
bines the  units  into  one  high  resistivity  layer.  A  shallow  high  resistivity  layer  thus  masks  the  resis- 
tivity values  of  deeper  layers.  A  similar  phenomenon  may  occur  near  test  hole  TH-3,  where  the 
top  of  the  high  resistivity  layer  is  much  higher  than  the  top  of  the  Ticona  Bedrock  Valley  aquifer. 
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Figure  16  Comparisons  between  test  borings  and  corresponding  resistivity 
soundings.  The  test  borings  were  drilled  in  1 954-55;  the  resistivity  soundings 
were  recorded  in  1994. 
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A  shallow  thin  sand  layer  may  mask  the  resistivity  values  of  deeper  layers.  The  masking  effect  at 
TH-3  is  probably  not  as  strong  as  at  TH-7  because  sand  has  a  lower  resistivity  value  than  gravel. 

DISCUSSION 

The  present  geophysical  and  geologic  investigations  confirm  Randall's  (1955)  interpretation  of  the 
aquifer:  that  a  two-part  aquifer  system  consisting  of  gravel  and  coarse  sand  (alluvium  or  outwash) 
overlain  by  outwash  sand  (Peddicord  Formation)  is  most  fully  developed  in  the  southwestern  part 
of  the  study  area.  The  lower,  gravelly  part  grades  eastward  into  till  or  clay  (as  at  test  hole  TH-7). 
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The  main  channel  probably  curves  northeastward  to  the  northeastern  comer  of  the  study  area. 
The  composition  of  the  lower  valley  fill  sediments  in  the  northeastern  comer  of  the  study  area  is 
not  known,  but  resistivity  measurements  suggest  the  sediments  probably  are  primarily  sand. 

The  upper  part  of  the  aquifer  is  widespread  within  the  buried  valley,  but  is  absent  in  the  study 
area  south  and  northwest  of  the  buried  valley.  The  upper  part  consists  of  outwash  that  correlates 
with  the  Peddicord  Formation  (Johnson  et  al.  1985).  The  outwash  varies  from  silt  to  coarse  sand 
and  is  poorly  sorted  in  the  eastern  part  of  the  study  area  (test  hole  TH-7).  Because  of  the  com- 
plex fades  relationships  within  the  outwash,  the  upper  part  of  the  aquifer  is  not  continuous.  The 
upper  part  becomes  silty  and  may  be  missing  in  some  central  parts  of  the  study  area  (test  holes 
TH-5  and  TH-6). 

Both  parts  of  the  aquifer  are  present  in  the  southwestern  part  of  the  study  area,  as  shown  by  the 
logs  of  Grand  Ridge  well  3  and  test  holes  TH-1 ,  TH-2,  TH-3,  and  TH-5.  Each  of  the  test  holes  in 
the  western  half  of  the  study  area  encountered  at  least  50  ft  of  sand  or  gravel  within  the  buried 
bedrock  valley  aquifer.  At  some  places,  the  gravel  in  the  lower  part  becomes  mixed  with  clay  (test 
holes  TH-1 ,  TH-4,  and  TH-7). 

Earlier  studies  did  not  fully  test  the  character  of  the  aquifer.  Moreover,  Randall  (unpublished  letter 
to  NIWC  dated  July  5, 1955)  suggested  that  the  samples  could  have  been  contaminated  by  drill- 
ing mud  or  caving  during  drilling,  and  suggested  that  the  formation  may  be  less  silty  than  reported 
by  the  driller.  The  actual  character  can  be  determined  only  by  new  borings  and  geophysical  logs. 

Previous  reports  (Horberg  1 950,  Randall  1 955)  drew  the  main  channel  extending  eastward  from 
Grand  Ridge  and  gradually  turning  north  through  the  study  area.  New  seismic  and  resistivity  data 
from  this  study,  however,  suggest  a  more  meandering  course  for  the  deepest  part  of  the  buried 
channel.  It  turns  sharply  northward  just  east  of  Grand  Ridge  for  about  1 .5  miles  before  heading 
east  and  then  north  again  at  the  northeast  comer  of  the  study  area.  This  course  is  suggested  by 
low  apparent  bedrock  elevations  calculated  from  the  seismic  data  and  from  a  coincident  band  of 
high  resistivity  shown  on  the  500  ft  and  450  ft  elevation  resistivity  maps. 

Several  drillers'  logs  report  dry  sand  above  the  Ticona  Bedrock  Valley  aquifer.  The  static  water 
level  of  Grand  Ridge  well  3  was  reported  to  be  at  about  521  ft  elevation,  which  is  below  the  top  of 
the  sand.  Randall  (1955)  speculated  that  the  aquifer  drains  where  the  bedrock  valley  is  cut  by  the 
Vermilion  River  (Willman  1940,  Randall  1955).  These  factors  suggest  that  the  aquifer  is  uncon- 
fined,  at  least  in  the  western  part  of  the  study  area.  This  property  of  the  aquifer  was  not  investi- 
gated in  the  present  study. 

CONCLUSIONS  AND  RECOMMENDATIONS 

The  buried  Ticona  Bedrock  Valley  has  been  mapped  in  the  study  area.  It  is  a  broad  valley  with  a 
narrow  main  channel  that  meanders  more  than  was  previously  thought  (Randall  1 955). 

Deposits  of  sand  and  gravel  50  to  80  ft  thick  fill  the  bedrock  valley  (fig.  17).  The  saturated  portion 
of  these  deposits  is  known  as  the  Ticona  Bedrock  Valley  aquifer.  Test  drilling  and  geophysical 
studies  have  shown  this  aquifer  underlies  several  square  miles  of  the  southwestern  part  of  the 
study  site.  Resistivity  studies  and  logs  of  water  wells  and  test  holes  suggest  that  the  aquifer,  of 
varying  thickness  and  permeability,  may  be  continuous  within  most  of  the  buried  valley  beneath 
the  study  area.  The  data  also  suggest  that  the  northern  limits  of  the  aquifer  are  sharp  and  that  the 
northwestern  part  of  the  study  area  is  not  underlain  by  the  Ticona  Bedrock  Valley  aquifer.  In  most 
of  the  center  of  the  study  area,  the  aquifer  has  not  been  fully  characterized,  but  high  resistivity  val- 
ues suggest  the  aquifer  is  thicker  than  50  ft.  This  estimate  would  have  to  be  verified,  because 
similar  high  resistivity  readings  in  the  eastern  part  of  the  study  area  were  caused  by  shallow  sand 
and  gravel,  while  deeper  sand  and  gravel  was  found  to  be  silty  and  clayey. 

Geologic  and  geophysical  data  suggest  that  the  probability  of  obtaining  up  to  3  mgd  of  water  from 
this  aquifer  is  fair  to  good,  while  the  probability  of  obtaining  significantly  larger  amounts  of  water 
from  the  aquifer  is  fair  to  poor.  This  preliminary  assessment  does  not  address  sustained  yield  of 
the  aquifer,  impact  of  further  pumping  on  present  users,  and  system  costs— factors  that  could  mili- 
tate against  development  at  this  time.  Further  geotechnicaJ  studies,  including  test  drilling  with  geo- 
physical logs  and  at  least  one  large-scale  aquifer  test,  are  necessary  to  evaluate  sustained  yield 
of  the  aquifer  and  impacts  on  existing  users.  Costs  of  developing  the  resource,  including  drilling 
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Figure  17    General  west  to  east  cross  section  along  the  buried  Ticona  Bedrock  Valley.  Cross  section 
roughly  follows  section  road  North  21st. 

multiple  wells  and  laying  long  pipelines,  could  be  prohibitive;  but  cost  analysis  is  beyond  the 
scope  of  this  report. 

Figure  18  identifies  favorable  areas  for  future  testing.  An  area  Vz  to  2  miles  east  of  Grand  Ridge 
(area  A)  is  recommended  as  highly  favorable  for  test  drilling.  Thick  sand  and  gravel  of  the  Ticona 
Bedrock  Valley  aquifer  is  likely  to  underlie  area  A.  The  aquifer  may  be  more  than  50  ft  thick  in  the 
central,  northern,  and  northeastern  parts  of  the  study  area  (areas  B,  C,  and  D).  Additional  test 
holes  with  geophysical  logs  would  help  to  better  characterize  these  deposits.  The  east- 
central  part  of  the  study  area  (area  E)  is  underlain  by  thin,  poorly  sorted  sand  that  is  less  than  40  ft 
thick.  Further  testing  in  the  southeastern  and  east-central  part  of  the  study  area  is  not  recommended. 
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Figure  18    Generalized  conditions  of  the  Ticona  Bedrock  Valley  aquifer, 
based  on  geologic  and  geophysical  data. 
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